implants removed. No patients presented with osteonecrosis at the 3-year follow-up. Conclusion. The new approach to manage ipsilateral femoral neck-shaft fractures by using reconstruction nails obtains relatively good clinical results.
INTRODUCTION
The ipsilateral femoral neck-shaft fracture is an obstacle in orthopaedic practice. Such extensive trauma accounts for 1% of femoral fractures. Attributed mechanisms include axial compression against the acetabular roof, with hip adduction or abduction. Associated knee injuries often occur while the knee is flexed. 1, 2 Various techniques and implants have been developed to manage ipsilateral femoral neck-shaft fractures. These techniques include simultaneous transcervical screwing and shaft plating, intramedullary fixation with additional transcervical fixation, 3, 4 retrograde intramedullary nailing with femoral neck-lag screws, 5 reversed intramedullary fixation with cephalomedullary locking, 6 Ender pins with percutaneous Knowles pins, 7 angled and straight plate fixation, 8 gamma (long) nailing, and reconstruction nailing. 9, 10 All these approaches have their own surgical difficulties.
Reconstruction nails were developed in 1986, and they were commercialised as Russell-Taylor reconstruction nails (Smith and Nephew, Tennessee, United States). 10 They were designed so that ipsilateral femoral neck-shaft fractures could be fixed by one single implant. However, they became more commonly used for other difficult clinical applications. Furthermore, it became clear that reconstruction nails were not suitable for all types of ipsilateral femoral neck-shaft fractures, especially in the displaced femoral neck fracture pattern of ipsilateral femoral neck-shaft fractures (group 3 according to Winquist) [ Table 1 ]. 2 In our experience, the use of reconstruction nails to fix group 3 ipsilateral femoral neck-shaft fractures is problematic. Insoluble femoral neck malreduction problems have been encountered intra-operatively, and overdistraction of femoral shaft fractures have also presented. Hence, we developed and assessed a new approach to manage such challenging fractures by using reconstruction nails.
MATERIAL AND METHODS
31 patients were treated by using reconstruction nails at the Orthopaedic Department, Chi-Mei Foundation Medical Center, Tainan, by the same surgeon from February 1999 to March 2001. There were 2 ipsilateral femoral trochanter-shaft fractures, 9 complex proximal femoral fractures, 12 femoral intertrochanteric fractures, and 3 subtrochanteric fractures. There were another 5 cases of ipsilateral femoral neck-shaft fractures, one of which was treated by using the conventional surgical technique, and resulted in difficult femoral neck reduction and a prolonged operating time. Our new technique was applied to the other 4 cases of ipsilateral femoral neck-shaft fractureone was a delayed diagnosis of the femoral neck fracture, one was an intra-operative conversion to the displaced femoral neck fracture, and 2 were initial displaced femoral neck-shaft fractures.
The patients comprised 4 males and one female, whose mean age was 40.8 years (range, 29-59 years). Four of the 5 patients had Garden III type femoral neck fractures, and the remainder had Garden II type. All patients underwent their operation within 8 hours of arrival at the hospital. An additional operation was done in one case because of a delayed diagnosis of femoral neck fracture on the day after the initial surgery ( Table 2) .
Reconstruction nails that we used for all patients were ZMS Recon nails (Zimmer, Indiana, United States). The technical specifications were as follows:
(1) Curvature: 108 Ϯ 32 (tolerance) inch radius; (2) Proximal screw inclination angle: 130°; and (3) Proximal screw anteversion angle: 10°.
The patient was placed in the supine position under fracture table traction (with mild adduction of the affected extremity and contralateral deviation of the torso). The leg was kept in a neutral position without internal or external rotation. Three marking lines were made under fluoroscopic guidance. The first transverse marking line was made from the anterior aspect of the hip and across the greater trochanteric tip to the lateral side of the thigh corresponding to the piriformis inlet. The second marking line was made in the path of the entry tunnel that originated from the anterior aspect of the hip and extended upward to the level near iliac crest. The last longitudinal marking line was made over the lateral side of the thigh and was drawn across the centre of the trochanteric region under lateral fluoroscopic guidance (Figs. 1, 2) . A lateral longitudinal skin incision of about 5 to 8 cm was made by following the last marking line, with the end-point 7 cm distal to the first marking line; this was the length of the extended rod that was assembled in the jig. After dividing fascia lata, sequential dissection was done by bluntly splitting the gluteus muscles to reach the piriformis fossa. A 3.0-mm Kirschner wire was applied to the piriformis fossa. An 8-mm posterior move from the piriformis fossa (a relatively posterior entry point compared to conventional intramedullary nailing) was then made and the wire was hammered into the entry portal. The exact entry portal was defined as a region 5 mm posterior to the centre of the femoral neck. The 9-mm trochanteric reamer was applied over the wire. A 3.5-mm guide pin was inserted from the entry portal and passed through the shaft fracture site by external manipulation or intramedullary reduction rod manipulation.
After reaming the nail was inserted through the shaft fracture site and located in the centre of the femoral supracondylar region. The anteversion angle and adequate longitudinal position of the nail were defined with the assistance of 2-plane fluoroscopic visualisation. 11 Through the drilling guiding handle, 2 parallel 5.0-mm drills were placed in the trochanteric region without drilling through the femoral neck fracture site, which served as proximal tethering. Axial traction was released to approximate the shaft fracture followed by sequential distal locking. After proximal tethering and distal locking, the ipsilateral femoral neck-shaft fracture could be treated as a simple femoral neck fracture. Axial rotation or traction achieved sequential femoral neck fracture reduction. If axial over-distraction of the femoral neck fracture presented without angulation deformity, the handle could be disassembled to eliminate pelvic wing impingement. After femoral neck reduction was achieved, the 2 parallel drills were drilled through the fracture site, and two 6.5-mm partially threaded screws were used to accomplish proximal cephalomedullary fixation (Fig. 3) . Additional femoral neck-lag screws were applied when necessary through the trochanteric region anterior to the nail. Routine prophylactic and postoperative intravenous antibiotics were given. The postoperative ambulatory programme involved nonweightbearing activities for 6 weeks and graduated partial weightbearing activities for another 6 weeks. The implant was removed after clinical and radiographic solid union was assured. 
RESULTS
The intra-operative fluoroscopic image (Fig. 4) and immediate postoperative radiographic reductions were satisfactory in all cases. The mean operating time was 202 minutes and the mean blood loss was approximately 330 ml. The length of hospital stay was less than 2 weeks for 3 cases; while there was one case of multiple trauma and one case with non-orthopaedic complications. The average hospital stay was 16.8 days. The analgesic requirement during hospitalisation seemed to be less than that during the conventional open procedure. The mean follow-up period for the 5 cases was 387 days. All patients showed radiographic union in follow-up, which was defined as union over 80% of the fracture gap that is filled with bone trabecular. The mean period between operation and visible union was 321 days, as monitored by periodic radiography, rather than by regular out-patient followup. The patient in case one decided not to remove the implants, although radiographic and clinical union had been ensured. The other patients had their implants removed, with a mean period from operation to implant removal of 372 days. The patient in case one had surgical sequelae of mild coxa brevia (2-mm shortening compared to the contralateral side). The patients who had undergone surgery by the new technique had no surgical sequelae, and all had excellent ambulatory condition before and after implant removal (Fig. 5) . The union in case 4 was rapid, despite its being an open femoral shaft fracture; the implant was removed within one year.
In case one, the conventional technique did not result in ideal femoral neck-shaft reduction; however, the femoral neck fracture achieved union eventually, and there was no significant leg length discrepancy. The possibility of further osteonecrosis would need long-term follow-up. All patients showed steady clinical improvement, and the maintenance of reduction was ensured in out-patient follow-up radiographs (Figs. 6-9) . Most of the patients were satisfied with the cosmetic appearance of minimal surgical scarring. Although the postoperative rehabilitation programme could not be executed thoroughly in all patients, excellent results were obtained regarding general ambulatory status and range of motion. We evaluated patients' function status by using the assessment system of Friedman and Wyman (Table 3) . 12 The most severe problem encountered was intraoperative pelvic impingement. Such problem often occurred during nail insertion, when the bulky handle and pelvic crest hampered the advance of the nail. The sequential femoral neck fracture distraction was attributed to forceful insertion, but this distraction gap could not be overcome by the following cephalomedullary compressive fixation. The only solution was handle disassembly, which resulted in further strenuous proximal fixation (Table 4) .
DISCUSSION
The simultaneous fixation of femoral neck and shaft fractures by the minimal exposure method using reconstruction nails has advantages over other methods as follows: (1) less soft tissue destruction and blood loss; (2) better cosmetic appearance; and (3) shorter hospital stay and lower analgesic requirement. The most crucial step is provisional fixation of the femoral neck fracture. 10, 13 In group 3 ipsilateral femoral neck-shaft fractures, the trochanteric fragment can be viewed as a floating part, so provisional femoral neck fixation is hard to achieve. Either axial traction or internal-external rotation manipulation seldom alters the femoral neck fracture morphology. Instead, malreduction of the femoral neck and overdistraction of the femoral shaft fracture can result. 2 Kang et al. 14 concluded that the reconstruction nail was not a good fixation device for ipsilateral femoral neck-shaft fractures. Winquist 2 did not recommend reconstruction nails to be applied in group 3 ipsilateral femoral neck-shaft fractures. Sequelae of such an application include osteonecrosis, coxa vara, coxa brevis, and non-union of the femoral shaft. Thus, he recommended that reduction of such displaced femoral neck fractures (group 3) be reduced by an open procedure.
Our new protocol skips a difficult provisional proximal fixation step and changes it to proximal tethering; this technique can diminish the axial traction force to decrease the incidence of shaft fracture overdistraction. Sequential release of traction and manipulation of the shaft fracture can control the shaft length and rotation deformity. Hence, the incidence of reoperation to correct shaft malunion and nonunion decreases. After shaft fracture reduction is achieved, we can treat the whole trauma as a simple femoral neck fracture that can be manipulated by rotation and axial traction and by a handle joystick method, on the trochanteric region fragment via pre-existing tethering drills. Anatomical femoral neck reduction is easy to achieve. Alho 15 found that the incidence of osteonecrosis in ipsilateral femoral neck-shaft fractures is less than that in simple femoral neck fracture. One-step fixation by a closed method plus anterior capsular decompression of difficult conversion of group 2 to group 3. 2, 11 In case 4, the guide pin was inserted before removal of the previous intramedullary nail, and reconstruction nails were sequentially changed according to the new technique; the operation proceeded smoothly and the result was excellent. Two alternative entry portals for reconstruction nails have been proposed in the literature. 17 We prefer posterior alignment of the entry, because this approach can facilitate the insertion of curved nails and fixation with additional screws. In addition, the anteversion range of proximal screws increases in such an application.
In case 5, we applied the circumferential wiring over comminuted diaphyseal fracture fragments in mini-open fashion. In our experience, there are many proximal femoral shaft fractures with a similar fracture pattern. Initially, we did not apply the wiring in such cases, but persisted fracture gaps resulted in the prolonged protective course. The protective ambumay be a good alternative way of managing group 3 ipsilateral femoral neck-shaft fractures. Instead of severe femoral neck reduction problems, however, another severe problem could be femoral shaft overdistraction. Overdistraction results in delayed union and non-union of the femoral shaft. Sequential severe sequelae are broken nails while the overdistraction level is located in the subtrochanteric region; the latter increases stress over the proximal junction of nails. 16 In addition, some group 1 femoral neck-shaft fractures could convert to group 3 femoral neck-shaft fractures even without hammering the insertion. We feel that the major cause is pelvic impingement of the handle. Handle disassembly after proximal tethering can reduce such distraction, thereby overcoming such intra-operative conversion.
In group 2 ipsilateral femoral neck-shaft fractures, pre-existing nails cannot be removed because latory phase lasted only one month and early radiographic evidence of union was noted in the last case.
CONCLUSION
Provisional proximal fixation is mandatory for treating group 1 ipsilateral femoral neck-shaft fractures, but it may not be suitable for group 3 ipsilateral femoral neck-shaft fractures. We leave the difficult femoral neck reduction as the last step, in order to make the whole procedure easier. This new technique may extend clinical applications of reconstruction nails to all types of ipsilateral femoral neck-shaft fractures especially by a closed method.
